The paper deals with the fabrication of the surface layer enriched with Zn on AlSi17 aluminium alloy to modify the microstructure and surface properties of the alloy. The continuous surface layer was fabricated on the AlSi17 substrate by the hot-dip galvanizing of AlSi17 for 15min in a Zn bath heated to 450°C. The thickness of the layer was about 100 μm. The layer was characterised by a multi-component microstructure containing the regions of a solid solution of Al in Zn and dendrites of a eutectoid composed of a solid solution of Al in Zn and a solid solution of Zn in Al. In the layer, fine particles of Si with a regular shape were distributed. The results indicated that these Si particles formed by the action of Zn on the eutectic Si precipitations in the AlSi17 substrate. In the microstructure, large primary Si crystals and multi-phase precipitations, originating from the substrate, were also observed. The surface layer had much higher microhardness than the AlSi17 substrate. The results showed that hot-dip galvanizing can be used to modify the microstructure and properties of the surface layer of AlSi17. The study indicates the possibility of conducting further research on the fabrication of joints between AlSi17 and other metallic materials using a Zn interlayer fabricated by hot-dip galvanizing.
INTRODUCTION
Aluminium cast alloys are used in many fields of the industry due to their low density, combined with favourable casting and mechanical properties. The vast majority of aluminium alloys are characterised by good corrosion resistance in the natural atmosphere, sea water and many other chemical compounds [1, 2] . The good corrosion resistance is a result of the presence of a thin layer of aluminium oxide on the surface. This layer is a tight barrier preventing the aggressive action of the atmosphere on the metal. However, joining the aluminium alloys with other metals is difficult because of the occurrence of a passive layer on the surface. The layers enriched with zinc on the surface of the aluminium alloys are fabricated to improve the properties of the joints between them and other metallic materials. The literature data include the studies on the effect of a Zn interlayer on the microstructure and properties of pure Al or Al alloy combined with other metals such as Mg [3] [4] [5] [6] [7] [8] or Cu [9] , fabricated by brazing [3] , friction stir welding [4] , diffusion bonding [5] , welding [6, 7] , compound casting [8] or ultrasonic welding [9] . The combination of an Al alloy with other metals with the use of a Zn interlayer requires the enrichment of the Al surface with Zn prior to the joining process. The layers enriched with Zn on Al alloys can be produced by hot-dipping [3] [4] [5] , diffusion bonding [8] electrolysis [10] [11] [12] , or electroless deposition [10, 13] . Some methods allow the application of Zn between Al alloy and other metal during joining process [6, 7, 9] .
According to Al-Si phase diagram [14] , the AlSi17 alloy is a hyper-eutectic alloy. The microstructure of such an alloy contains the eutectic composed of Si (the solubility of Al in Si is negligibly low) and a solid solution of Si in Al. In the eutectic, primary Si crystals are distributed. The content of impurities, alloying elements and solidification conditions may cause the occurrence of additional structural components. Analysis of Al-Si [14] , Al-Zn [15] , Si-Zn [16] and Al-Si-Zn [17] phase diagrams shows that the addition of Zn to the AlSi17 alloy can lead to significant changes in the structure. In the Al-Zn system at 381°C the eutectic transformation occurs. The product of this transformation is a eutectic composed of a solid solution of Al in Zn and a β′ phase, which is stable at high temperatures. Further cooling leads to the eutectoid transformation at 277°C, where β′ phase transforms to a eutectoid mixture composed of a solid solution of Al in Zn and a solid solution of Zn in Al [15, 17] . The authors of Si-Zn [16] and Al-Si-Zn [17] diagrams identified that the solubility of Zn in Si and Si in Zn is negligibly low.
The presented work includes the analysis of the microstructure and phase composition of the surface layer enriched with zinc on an AlSi17 aluminium cast alloy by hot-dip galvanizing and the determination of the effect of Zn on the microhardness of the layer.
EXPERIMENTAL PROCEDURE
AlSi17 aluminium cast alloy (17.18% Si, 1.22% Mg, 0.82% Ni, 0.72% Cu, 0.25% Fe, 0.02% Zn, balance of Al) was selected as the substrate material. Specimens with dimensions of 20 × 10 × 10 mm were cut out from the ingot. The surfaces of the specimens were prepared by means of grinding with abrasive papers up to 800 grit and cleaning in ethanol. The bath for hot-dipping was prepared by melting Zn (99.995% Zn) in a graphite crucible. The process parameters were selected on the basis of the tests and literature data. The surface layer enriched with zinc on AlSi17 was fabricated by dipping of the specimens for 15 min in a Zn bath heated to 450°C. After taking them out of the bath, the specimens were cooled in the air.
The cross-sections for microscopic observations were prepared by cutting the specimens using a low speed precision cutting machine and grinding them with an automatic grinding and polishing machine. Final polishing was performed using 0.3 μm polycrystalline alumina polishing suspension. Microscopic observations were conducted for non-etched specimens and after etching in 5% solution of sulfuric acid in a Nikon ECLIPSE MA 200 Optical Microscope (OM). The chemical composition was analysed in a JEOL JSM-7100F Scanning Electron Microscope connected with an energy dispersive X-ray spectroscopy (SEM/EDS). The phase composition of the surface layer enriched with Zn on AlSi17 was analysed by EDS analysis on the basis of Al-Si, Al-Zn, Si-Zn and Al-Si-Zn phase equilibrium diagrams [14] [15] [16] [17] . The microhardness was measured by means of the Vickers method at a load of 50 g, using an Innovatest Nexus 4000 microhardness tester. Figure 1a shows the microstructure of the surface layer enriched with zinc on AlSi17 fabricated by hot-dip galvanizing at 450°C for 15 min, observed in OM without etching. The microstructure indicates that as a result of the contact of AlSi17 with molten Zn, the continuous surface layer with a thickness of about 100μm was formed on the AlSi17 substrate. The etching of the specimen revealed the complex structure of the layer (Fig. 1b) . Figure 2 presents the results of EDS linear analysis executed throughout the surface layer and the distribution of Al, Si and Zn. From the results, it is clear that as it moves from the AlSi17 substrate to the outer part of the layer, the Zn content increases, while the amount of Al decreases. In the produced layer, the content of Si is observed around the dark areas. https://journals.agh.edu.pl/jcme Figure 3 shows the SEM image of the inner part of surface layer with marked points where the chemical composition was examined by means of EDS analysis. The results of the analysis are summarised in Table 1 .
RESULTS AND DISCUSSION
The microstructure of the analysed part of the layer consisted mainly of the white areas with two-phase dendrites and dark particles. The composition in point 1 indicated that the white areas are composed of a solid solution of Al in Zn. The results for the dendrite marked as 2 corresponded to the composition of a eutectoid composed of a solid solution of Al in Zn and a solid solution of Zn and probably Si in Al. The analysis of the chemical composition of the substrate in the immediate vicinity of the layer (point 3) and at the depth of about 30 μm from the layer (point 4) showed that the AlSi17 substrate contained a solid solution of Si in Al and it was enriched with Zn in the region immediately adjacent to the layer. Subsequent results suggested that dark particles marked as 5 are Si precipitations. The comparison of the shape of these particles with the form of precipitations of eutectic Si in the AlSi17 substrate (marked as 6) indicated that during the fabrication of the layer, the Zn affects the precipitations of eutectic Si and, consequently, leads to their shape changing to a more regular one.
The composition of the large, dark particle marked as 7 shows that it is composed of Si. The observation in SEM revealed that this Si particle is a primary Si crystal from the substrate, and the Zn during fabrication of the layer did not affect it visibly. The layer also contained fine, grey particles, marked as 8. The results of the analysis showed that their composition is similar to the composition of the multi-component phase containing Mn and Fe located in the substrate, marked as point 9.
In the outer part of the layer, shown in Figure 4 , a slightly different microstructure was observed. The results of the EDS analysis from the regions marked in the figure are listed in Table 1 . Close to the surface, the two-phase grey precipitations with an elongated shape (point 10) coexisted with the white areas, marked with the number 11. The results for the grey areas indicated a eutectoid (a solid solution of Al in Zn and a solid solution of Zn and probably Si in Al, while the chemical composition of the white areas corresponded to a solid solution of Al in Zn. The results of the analysis of the microstructure and phase diagrams [15, 17] suggest that the elongated shape of the eutectoid precipitations on the background of a solid solution of Al in Zn may be a result of the eutectic transformation that occurs during solidification. Fig. 4 . SEM image of the outer part of the surface layer with the points where the chemical composition was analysed (explanation 10 and 11 in text) Figure 5 shows the traces of the Vickers microhardness measurements in representative regions of the produced layer and the AlSi17 substrate. The result obtained for the substrate was 65.3HV0.05, while in the surface layer enriched with Zn, the microhardness was much higher and rose to 96.1-104.4 HV0.05.
The results of the study showed that continuous surface layer enriched with Zn was fabricated on the AlSi17 substrate by the hot-dip galvanizing process. The layer was characterised by a uniform thickness and higher microhardness than the AlSi17 substrate. The properties of the surface layer indicate its potential for further research focused on the fabrication of joints between AlSi17 and other metallic materials using an Zn interlayer fabricated by hot-dip galvanizing.
CONCLUSIONS
The surface layer enriched with Zn, characterised by a uniform thickness of about 100 μm, was formed on the AlSi17 substrate as a result of the specimens being dipped for 15 min in a Zn bath heated to 450°C. The analysis of the microstructure indicated that the layer had a multi-component microstructure containing the regions of a solid solution of Al in Zn and dendrites composed of a eutectoid (a solid solution of Al in Zn and a solid solution of Zn in Al). The layer contained fine particles of an Si, regular in shape, formed, according to the results, by the action of Zn on the precipitations of eutectic Si in the AlSi17 substrate. In the layer, large primary Si crystals and multi-phase precipitations originating from the substrate were also observed. In the microstructure, a thin region of the substrate immediately adjacent to the layer where the solid solution of Si in Al was enriched with Zn was observed. The surface layer was characterised by much higher microhardness in comparison with the AlSi17 substrate.
